HBx protein can activate the NF-κB signaling pathway and play an important role in the regulation of HBV infection. 2 Under the stationary state, NF-κB exists in the cytoplasm. In this inactive latent state, it binds with its suppressor IκB to form a trimer p50-p65-IκB. Under the catalysis of IκBs kinase (IKK), IκB is phosphorylated and finally degraded through ubiquitination, and activated NF-κB (p50-p65) enters into the nucleus through transposition, which regulates the expression of protein. In this process, the phosphate of p65 can increase the transcriptional activity of NF-κB. 3 High mobility group protein B1 (HMGB1) is a highly conserved nonhistone. It is involved in many important biological processes, such as gene transcription, cell differentiation, growth, signal transduction, cell migration, and immunomodulation. 4 Other studies have reported that 5, 6 HMGB1 regulates the production of intracellular reactive oxygen species (ROS). 7, 8 Therefore, we conducted this trial to investigate the regulatory effects of HBx on HMGB1 and ROS in order to explore the pathogenesis mechanism of HBV.
| MATERIALS AND METHODS

| Materials and reagents
The human hepatocyte LO2 cell line was purchased from the Shanghai were purchased from Sigma (St. Louis, MO, USA). DCFH-DA was required to be prepared into a 10-mM solution with ethanol, which was subsequently diluted to a working concentration of 1 mM with culture medium at 1:10 dilution (when used, it was diluted at 1:1000 dilution). for 10 min at 4 C. Then, the supernatant was filtered using a 0.45-μm filter, and underwent ultracentrifugation at 25000 rpm for 2 h at 4 C to concentrate the virus. The obtained precipitate was suspended with the original liquid by 1/100. Then, this was packed and preserved at −80 C.
| Methods
| The packaging of the lentivirus
| HBx-overexpressing cell line construction and cell stimulation
First, 5 × 10 5 cells were inoculated. After 24 h of culture, LO2 cells were infected by HBx-overexpressing lentivirus (pHBx-flag) and blank control lentivirus (at a rate of virus: cell = 10:1). Polybrene (5 μg/mL) was added as an infection enhancer during the infection process. The culture medium was replaced after 24 h and 48 h. Then, 2 μg/mL of puromycin was added for screening. Hereafter, the culture was maintained with 1 μg/mL of purinomycin. In the subsequent cell stimulation experiment, HBx-overexpressing cells or control cells were inoculated at a density of 5 × 10 5 /well. After 24 h, LPS (1 μg/mL) or rotenone (0.5 μmol/mL, 1 μmol/mL) was added. After 24 h of continuous stimulation, the protein, RNA, or ROS was extracted for coloration. 
| Detection of intracellular ROS
| Detection of the expression of related proteins and inflammatory factors by qRT-PCR
Cells in the logarithmic growth phase were collected. Total RNA was extracted using the Trizol method and quantified. Then, 1 μg of total RNA was taken for reverse transcription. Next, the mRNA expression levels of IL2, IFN-γ, and TNF-α were determined and analyzed by realtime quantitative polymerase chain reaction (qRT-PCR, primers are presented in Table 1 ). The reaction conditions of the PCR amplification were as follows: pre-denaturation was performed at 94 C for 3 min; then, 40 cycles of gene amplification were performed, and the conditions are as follows: 95 C, 15 s; then, 60 C. After the amplification was completed, the dissolution curve detection was performed.
The reaction conditions were as follows: 95 C, 15 s; 60 C, 1 min; within 60 C-95 C, the signal was detected at each 0. 
| Statistical analysis
All data were and analyzed using the Graphpad 6.0 software, and data were compared using t-test. P < 0.05 was considered statistically significant.
3 | RESULTS
| HBx protein inhibits the expression of HMGB1 and the production of ROS
Screening using puromycin and detection by Western blot were performed multiple times, in order to prove that the HBx-overexpressing cell line and control cell line were successfully constructed ( Figure 1A ). These results also revealed that the overexpression of HBx resulted in a significant reduction in the expression of HMGB1 by 2.4 times (P < 0.05). As shown in Figure 1B , the overexpression of HBx made the production of ROS significantly lower than normal cells. These results reveal that HBx can reduce the production of intracellular ROS by downregulating the expression of HMGB1.
| HBx protein inhibits the activity of the NF-κB signaling pathway
These results revealed that ( Figure 2A ) the overexpression of HBx could effectively inhibit the phosphorylation of p65 and IκB without affecting the overall expression of NF-κB. This suggests that HBx regulates the pathway by inhibiting the activity of NF-κB. This result is consistent with that reported in a previous literature. 10 
| HBx regulates the expression of HMGB1 and the production of ROS through the NF-κB signaling pathway
In order to mediate the expression of HMGB1 and the production of ROS through the NF-κB signaling pathway, in the present study, rotenone and LPS were used to stimulate HBx-overexpressing cells or control cells, respectively. Then, the alteration of the NF-κB pathway, the expression of HMGB1 and the production of ROS were detected.
The LPS used in the experiment was an activator of TLR4, which can finally activate the NF-κB pathway. Rotenone can inhibit the oxidation of nicotinamide adenine dinucleotide (NADH) in mitochondria, accordingly enriching ROS in the cells. As shown in Figure 2B and Table 2 , when LPS was used to stimulate HBx-overexpressing cells or control cells, respectively, the expression of TLR4 increased, and the phosphorylation levels of p65 and IκBa also increased. This result revealed that LPS stimulation was effective. In addition, the expression of HMGB1 was significantly upregulated in HBx-overexpressing cells or control cells. When rotenone was used to stimulate cells, the synthesis of ROS significantly increased first ( Figure 2C ). The result indicated that rotenone stimulation on cells was effective. In addition, the expression of HMGB1 and TLR4 increased, and the phosphorylation levels of p65 and IκBa increased (Figure 2) . The above results revealed that there was a mutual promoting signaling correlation between the activation of NF-κB and expression of HMGB1.
| Overexpression of HBx induces release of inflammatory cytokines
The above results indicate that HBx overexpression inhibits TLR4 expression, which weakens the regulation of HMGB1 between cells.
In order to demonstrate whether it weakens TLR4-mediated innate immunity at the same time, in the present study, the changes in 
| DISCUSSION
Our results showed that the overexpression of HBx protein not only inhibited the expression of HMGB1 and ROS, but also inhibited the phosphorylation of NF-κB in normal hepatocytes, which was inconsistent with the current reports. The investigators speculate that this may be due to the fact that normal hepatocytes were used in this study, and hepatoma cells were used as the experimental subjects in most of the studies on over-expression of HBx. Besides, in previous research, expression of HBx may lead to the generation of ROS in the former studies. In our study, when rotenone was used to stimulate cells, the synthesis of ROS significantly increased first ( Figure 2C ).
However, the overexpression of HBx made the production of ROS significantly lower than normal cells in Figure 1B 
| LIMITATIONS
Firstly, although our study presented that HBx inhibits the expression of HMGB1 and the generation of ROS through the NF-κB signaling pathway, the specific mechanism that HBx inhibits HMGB1 expression and ROS production in LO2 cells through the NF-κB signaling 
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